A phenomenological analysis of lifetimes of bottom and charmed hadrons within the framework of the heavy quark expansion is performed. The baryon matrix element is evaluated using the bag model and the nonrelativistic quark model. We find that bottom-baryon lifetimes follow the pat-
I. INTRODUCTION
The lifetime differences among the charmed mesons D + , D 0 and charmed baryons have been studied extensively both experimentally and theoretically since late seventies. It was realized very early that the naive parton model gives the same lifetimes for all heavy particles containing a heavy quark Q and that the underlying mechanism for the decay width differences and the lifetime hierarchy of heavy hadrons comes mainly from the nonspectator effects like W -exchange and Pauli interference due to the identical quarks produced in heavy quark decay and in the wavefunction (for a review, see [1, 2] ). The nonspectator effects were expressed in eighties in terms of local four-quark operators by relating the total widths to the imaginary part of certain forward scattering amplitudes [3] [4] [5] . (The nonspectator effects for charmed baryons were first studied in [6] .) With the advent of heavy quark effective theory (HQET), it was recognized in early nineties that nonperturbative corrections to the parton picture can be systematically expanded in powers of 1/m Q [7, 8] . Subsequently, it was demonstrated that this 1/m Q expansion is applicable not only to global quantities such as lifetimes, but also to local quantities, e.g. the lepton spectrum in the semileptonic decays of heavy hadrons [9] . Therefore, the above-mentioned phenomenological work in eighties acquired a firm theoretical footing in nineties, namely the heavy quark expansion (HQE), which is a generalization of the operator product expansion (OPE) in 1/m Q . Within this QCD-based framework, some phenomenological assumptions can be turned into some coherent and quantitative statements and nonperturbative effects can be systematically studied. As an example, consider the baryon matrix element of the two-quark operator Λ b |bb|Λ b . The conventional quark-model evaluation of this matrix element is model-dependent: It should be mentioned that while the world average value for τ (Λ b )/τ (B d ) is dominated by LEP experiments [12] , the CDF experiment alone yields [13] τ (Λ b ) τ (B d ) = 0.87 ± 0.11 (CDF). (1.6) It is thus important to fully settle down the experimental situation in the near future. Evidently, the conflict between experiment (1.5) and theoretical expectations from (1.3) or (1.4) is striking and intriguing. This has motivated several subsequent studies trying to understand the enhancement of the Λ b decay rate [10, [14] [15] [16] [17] . For example, a model-independent analysis in [10] gives where ε i , B i ,B, r are the hadronic parameters to be introduced below in Sec. II. Note that while the ratio τ (B − )/τ (B d ) is predicted to be greater than unity in [11] [see (1.4)], it was argued in [10] that the unknown nonfactorizable contributions in (1.7) characterized by ε i make it impossible to have reliable predictions on the magnitude of the lifetime ratio and even the sign of corrections. Since the measured ratio of τ (B − )/τ (B d ) is very close to unity, it follows from (1.7) that ε 1 ≈ 0.3 ε 2 [10] . Then it is clear that the data for the ratio
) cannot be accommodated by the theoretical prediction (1.7) without invoking a too large value of r orB, which is expected to be order unity. It is reasonable to conclude that the 1/m 3 b corrections in the heavy quark expansion do not suffice to describe the observed lifetime differences between Λ b and B d .
In order to employ the OPE approach to compute inclusive weak decays of heavy hadrons, some sort of quark-hadron duality has to be assumed (for an extensive discussion of quarkhadron duality and its violation, see [18, 19] ). Consider the inclusive semileptonic decay. The OPE cannot be carried out on the physical cut in the complex v·q plane since T µν , the timeordered product of two currents, along the physical cut is dominated by physical intermediate hadron states which are nonperturbative in nature. To compute T µν or the Wilson coefficients by perturbative QCD, the OPE has to be performed in the unphysical region far away from the physical cut. The question is then how to relate the operator product expansion for T µν in the unphysical region to the physical quantities in the physical Minkowski space.
Since the physically observable quantity is related to the imaginary part of T µν , it can be reliably computed by deforming the contour of integration into the unphysical region [20, 18] , provided that the physical quantity involves certain integrals of T µν in the physical region.
This procedure is called "global duality" [18] . Global quark-hadron duality also means that the hadronic cross section is dual or matching to the OPE-based quark cross section. However, unlike the total cross section in e + e − annihilation, there is a small portion of the contour near the physical cut where global duality can no longer be applied. As stressed in [18] , one must resort to local duality to justify the use of the OPE in this small region. Fortunately, the contribution is of order Λ QCD /m Q and can be neglected for quantities smeared over an energy scale of order Λ QCD .
Global quark-hadron duality for inclusive semileptonic decays, namely the matching between the hadronic and OPE-based expressions for decay widths or smeared spectra in semileptonic B and Λ b decays has been explicitly proved to the first two terms in 1/m b expansion and the first order in α s in the Shifman-Voloshin (SV) limit [21] . The hadronic decay rate is calculated by summing over all allowed exclusive decay channels. In the SV limit for B meson decays via b → c transitions, the dominant hadronic final states are the D and D * . (At zero recoil, the quark-mixing-favored semileptonic decays of a B meson in the heavy quark limit can only produce a D or D * meson [21, 22] .) The exclusive decay rates or distributions for B → (D +D * )ℓν depend on hadron masses, whereas the inclusive decay rates evaluated by the OPE depend on quark masses. Global duality is then proved by showing explicitly the equality of inclusive and exclusive decay rates. Note that this proof of global duality in QCD is valid only in the SV limit. Beyond this limit, it becomes difficult to sum over all allowed exclusive semileptonic decay channels and evaluate all of them. It was shown recently in [23] that a proof of quark-hadron global duality in the general kinematic region to order (Λ QCD /m B ) 2 can be achieved in the PQCD-based factorization approach, which is formulated in terms of meson-level kinematics rather than the quark-level one. It was demonstrated explicitly in [23] that the integrated quark-level spectrum equals to the hadron-level spectrum and that linear 1/m b corrections to the total decay rate are nontrivially canceled out, in agreement with the OPE expectation [7, 8] .
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Unlike the semileptonic inclusive decays in which the use of the OPE is validated by deforming the contour away from the physical cut, it is pointed out in [18] that there is no external momentum q in inclusive nonleptonic decays which allows analytic continuation into the complex plane. Therefore, the OPE is a priori not justified in this case and local duality has to be invoked in order to apply the OPE directly in the physical region. It is obvious that local quark-hadron duality is less firm and secure than global duality, although its validity has been proved to the first two terms in 1/m Q expansion and the first order in [21] . α s in the SV limit under the factorization hypothesis [24] . It should be stressed that quarkhadron duality is exact in the heavy quark limit, but its systematical 1/m Q expansion is still lacking. It is very likely that 1/m Q corrections to quark-hadron duality behave differently for inclusive semileptonic and nonleptonic decays. Motivated by the conflict between theory and experiment for the lifetime ratio τ (Λ b )/τ (B d ), it was suggested in [16] that the assumption of local duality is not correct for nonleptonic inclusive width and that the presence of linear 1/m b corrections is strongly indicated by the data. Moreover, the 1/m b corrections are well described by the simple ansatz that the heavy quark mass m Q is replaced by the decaying hadron mass in the m OPE NL , the OPE-based decay rate. Consequently, the relation between violation of local duality and the above-mentioned ansatz will become natural in the factorization approach.
In the present paper we will study nonspectator effects in inclusive nonleptonic and semileptonic decays and analyze the lifetime pattern of heavy hadrons. In particular, we focus on the lifetimes of heavy baryons and study the implications of broken local duality. We will demonstrate that the lifetime hierarchy of bottom baryons is dramatically modified when the quark mass is replaced by the hadron mass in nonleptonic widths. The layout of this paper is organized as follows. In Sec. II we give general heavy quark expansion expressions for inclusive nonleptonic and semileptonic widths and pay attention to the evaluation of baryon four-quark matrix elements and the nonperturbative parameter λ 2 for baryons. We then study bottomhadron lifetimes in Sec. III and apply the ansatz mentioned above. In Sec. IV we examine the applicability of the same prescription to charmed baryon decays. Discussions and conclusions are given in Sec. V.
II. FRAMEWORK
In this section we write down the general expressions for the inclusive decay widths of heavy hadrons and evaluate the relevant hadronic matrix elements. It is known that the inclusive decay rate is governed by the imaginary part of an effective nonlocal forward transition operator T . When the energy released in the decay is large enough, the nonlocal effective action can be recast as an infinite series of local operators with coefficients containing inverse powers of the heavy quark mass m Q . Under this heavy quark expansion, the inclusive nonleptonic decay rate of a heavy hadron H Q containing a heavy quark Q is given by [7, 8] 
where σ · G = σ µν G µν , c 1 , c 2 are Wilson coefficient functions, N c = 3 is the number of color, the factor ξ takes care of the relevant CKM matrix elements, for example, ξ = |V cb V ud | 2 for quark-mixing-favored bottom decay, I 0 , I 1 and I 2 are phase-space factors: 
The dimension-six four-quark operators L nspec in (2.1) describe nonspectator effects in inclusive decays of heavy hadrons and are given by [3] [4] [5] [25, 10] .
Several remarks are in order. (i) There is no linear 1/m Q corrections to the inclusive decay rate due to the lack of gauge-invariant dimension-four operators [20, 7] , a consequence known as Luke's theorem [26] . Nonperturbative corrections start at order 1/m [5, 28] is performed to evolve the four-quark operators (not the Wilson coefficients !) from m Q down to a low energy scale, say, a typical hadronic scale µ had . The underlying reason is that the factorizable approximation for meson matrix elements and the quark model for baryon matrix elements are believed to be more reliable at the scale µ had . The evolution from m Q down to µ had will in general introduce new structures such as penguin operators. However, in the present paper we will follow [10] to employ (2.1) and (2.4) as our starting point for describing inclusive weak decays since it is equivalent to first evaluating the four-quark matrix elements renormalized at the m Q scale and then relating them to the hadronic matrix elements renormalized at µ had through the renormalization group equation, provided that the effect of penguin operators is neglected.
For inclusive semileptonic decays, apart from the heavy quark decay contribution there is an additional nonspectator effect in charmed-baryon semileptonic decay originating from the Pauli interference of the s quark [29] . It is now ready to deduce the inclusive semileptonic widths from (2.1) and the last term in (2.4) by putting c 1 = 1, c 2 = 0 and N c = 1:
where η(x, x ℓ , 0) with x ℓ = (m ℓ /m Q ) 2 is the QCD radiative correction to the semileptonic decay rate. Its general analytic expression is given in [30] . The special case η(x, 0, 0) is given in [31] and it can be approximated numerically by [32] :
With x = 0 and the replacement α s → and Ω c baryons.
We next turn to the 2-body matrix elements H Q |QQ|H Q . The use of the equation of
with
The mass of the heavy hadron H Q is then of the form
where the three nonperturbative HQET parametersΛ H Q , λ 1 , λ 2 are independent of the heavy quark mass and in generalΛ H Q is different for different heavy hadrons.
and since the chromomagnetic field is produced by the light cloud inside the heavy hadron, it is clear that σ · G is proportional to S Q · S ℓ , where S Q ( S ℓ ) is the spin operator of the heavy quark (light cloud). More precisely, 
The values of λ baryon 2 will be fixed later. As for the kinetic energy parameter λ 1 we use [33] 
This leads to
where m P = 1 4
(m P + 3m P * ) denotes the spin-averaged meson mass.
We will follow [10] to parametrize the hadronic matrix elements in a model-independent way. For meson matrix elements of four-quark operators, we follow [10] to define the parameters B i and ε i :
and ε i are given by B i = 1 and ε i = 0, but they will be treated as free parameters here. As a consequence of (2.15), we obtain
As for the baryon matrix elements of four-quark operators we have to rely on the quark model. We first consider the MIT bag model [34] and define three four-quark overlap integrals: 
are not all independent. First of all, we have
(see e.g., Ref. [35] for the technical detail of the bag model evaluation), where we have taken into account the fact that there are two valence s quarks in the wavefunction of the Ω Q .
Second, since the color wavefunction for a baryon is totally antisymmetric, the matrix element of (QQ)(qq) is the same as that of (Qq)(qQ) except for a sign difference. Thus we follow [10] to define a parameterB 19) so thatB = 1 in the valence-quark approximation. Third, it is straightforward to show that
The first relation in (2.20) is actually a model-independent consequence of heavy-quark spin symmetry [10] . Sincē
it follows from (2.20) that
In the nonrelativistic quark model (NQM), baryon matrix elements of four-quark operators are the same as that of (2.18) and (2.22) except for the replacement:
In general, the strength of destructive Pauli interference and W -exchange is governed by a q + b q in the bag model and |ψ(0)| 2 in the NQM. However, it is well known in hyperon decay that the bag model calculation of a q + b q gives a much smaller value than the nonrelativistic
We shall see later that this also occurs in bottom baryon decay. As pointed out in [36] , naively one may be tempted to conclude that the relativistic models are presumably more reliable. For example, the lower component of the wavefunction is needed to reduce the NQM prediction g A = 5 3 to the experimental value of 1.25. However, the difference between a u + b u and |ψ(0)| 2 is not simply attributed to relativistic corrections; it arises essentially from the distinction in the spatial scale of the wavefunction especially at the origin. As a consequence, both models give a quite different quantitative description for processes sensitive to |ψ(0)| 2 . It has been long advocated in [37] that a small value of |ψ(0)| 2 should be discarded since a realistic potential that fits to the orbital-excitation spectrum yields δ( r 1 − r 2 ) ∼ 10 −2 GeV 3 . Empirically, it also appears that the NQM works better for charmed baryon decays [4, 36] .
In the following we will consider the NQM estimate of baryon matrix elements. Consider 24) where the equality |ψ 
Another method is proposed by Rosner [15] to consider the hyperfine splittings of Σ b and B separately so that
This method is supposed to be most reliable as |ψ bq (0)| 2 thus determined does not depend on α s and m q directly. Numerically, we find that (2.25) and (2.26) both give very similar results.
Defining the wavefunction ratio
the baryon matrix elements in (2.18) and (2.22) can be recast to
where f Bq is the decay constant of the mesonB q .
To estimate |ψ bq (0)| 2 and the parameter r in the NQM, we find from (2.26) where precise measurements of Σ * c and Ξ * c have been reported by CLEO [40] . It is evident that the heavy-quark spin-violating mass relation [39] 
is very accurate. It follows that 35) for f Bq = 180 MeV [43] . An estimate in the QCD sum rule analysis yields r ≃ 0.1 − 0.3 [17] . Therefore, the NQM estimate of |ψ bq (0)| 2 is indeed larger than the analogous bag model quantity:
However, for the charmed baryon we obtain |ψ is fairly satisfied especially for bottom hadrons.
III. LIFETIMES OF BOTTOM HADRONS
Using the formulism described in the last section, semileptonic and nonleptonic widths are calculated in this section. We shall first try to fix the heavy quark pole mass from the measured inclusive semileptonic decay rate. The semileptonic width of the B meson given by (2.5) Likewise, we find for bottom-baryon semileptonic decays
and hence
Note that the tiny difference between Γ SL (Λ b ) and Γ SL (Ω b ) arises from the fact that the chromomagnetic operator contributes to the matrix element of Ω b but not to Λ b (or Ξ b ) as the light degrees of freedom in the latter are spinless; that is,
To compute the nonleptonic decay rate we apply the Wilson coefficient functions 9) which are evaluated at µ = 4.4 GeV to the leading logarithmic approximation (see Table XIII of [45] ). From Eq. (2.1) the nonleptonic widths of bottom baryons arising from b quark decay are found to be
We see that the b quark decay contribution Γ dec is very similar for bottom hadrons even though the chromomagnetic mass splitting is different among them. Therefore, to O(1/m
We next turn to the nonspectator effects of order 1/m 
with [10] As for the nonspectator effects in nonleptonic decays of bottom baryons we obtain from (2.4) that
where use has been made of (2.28). Note that there is no W -exchange contribution to the ann is proportional to c − = (c 1 − c 2 )/2 as the four-quark operator O + = (q 1 q 2 )(q 3 q 4 ) + (q 1 q 4 )(q 3 q 2 ) is symmetric in color indices whereas the color wavefunction for a baryon is totally antisymmetric. Writing SinceB is of order unity and r ∼ 0.60, it is evident from (3.17) and (3.10) that the bottom baryon lifetimes follow the pattern (see also Table I below) 3 It had been claimed that soft gluon emission from the initial quark line or soft gluon content in the initial wavefunction can vitiate both helicity and color suppression [46] . The net effect is that the factor f B /m B is effectively replaced by f B /m q , where m q is the constituent quark mass of the antiquark in theB meson [47] . As a consequence, contributions of W -exchange will exhibit powerlike (m B /m q ) 2 enhancement and this renders the treatment of the heavy quark expansion for W -exchange invalid. This issue was resolved by Bigi and Uraltsev [47] who showed that such powerlike enhancement does not arise for fully inclusive transitions and the soft gluon effect merely amounts to renormalizing the coefficients of 4-quark operators.
It follows from (3.3), (3.7), (3.10), (3.14) and (3.17) that
which is a model-independent result. This is consistent with the result (1.7) obtained in GeV is too small by about 20% to account for the observed decay rate of B − . 4 To compute the decay widths of bottom baryons, we have to specify the 4 The problem with the absolute total decay width Γ(B) of the B meson is intimately related to the problem with the B-meson semileptonic branching ratio B SL . The theoretical prediction for B SL is in general above 12.5% [48] , while experimentally B SL = (10.23 ± 0.39)% [49] . In our case we obtain B SL > ∼ 13.8%. Several scenarios have been put forward in the past to resolve the discrepancy between theory and experiment for B SL or Γ(B). Here we mention two of the possibilities. (i) Since the theoretical results depend on the scale µ to renormalize α s (µ) and the Wilson coefficients c 1,2 (µ), one may choose a low renormalization scale, µ/m b ∼ 0.3 − 0.5, to accommodate the data [10] . Local duality holds in this scenario. (ii) Next-to-leading order QCD radiative corrections to nonleptonic decay will increase the rate for b → ccs substantially and decrease B SL [50, 51] . Using the result of [50] , we find that the QCD effect will bring B SL down by 1% and hence B SL > ∼ 12.7%. It was values ofB and r. SinceB = 1 in the valence-quark approximation and since the wavefunction squared ratio r is evaluated using the quark model, it is reasonable to assume that the NQM and the valence-quark approximation are most reliable when the baryon matrix elements are evaluated at a typical hadronic scale µ had . As shown in [10] , the parametersB and r renormalized at two different scales are related via the renormalization group equation to bẽ B(µ)r(µ) =B(µ had )r(µ had ), suggested in [52, 18] that a failure of local duality in the b → ccs channel, which has smaller energy release than that in b → cūd, will further enhance Γ(B) and suppress B SL . However, this explanation encounters a problem: The charm counting n c will increase and become as large as 1.30 [50] , which is too large compared to the experimental value n c = 1.12 ± 0.05 [49] . One way out of this difficulty for n c is proposed in [53] that a sizeable fraction of b → ccs transitions can be seen as charmless b → s processes. In the present paper we will not pursue any of the aforementioned possibilities as none of them can explain the lifetime difference between Λ b and B d . The recipe we are going to discuss below [see (3.23) ] will solve all the problems with B SL , Γ(B), n c and
It has been advocated in [16] that, unlike the semileptonic inclusive case, since OPE cannot be rigorously justified for nonleptonic inclusive decays, the failure of explaining the observed lifetime ratio τ (Λ b )/τ (B d ) implies that the assumption of local duality is not correct for nonleptonic inclusive widths. It is further suggested in [16] that corrections of order 1/m Q should be present and this amounts to replacing the heavy quark mass by the mass of the decaying hadron in the m 5 Q factor in front of all nonleptonic widths. In the following we shall see that the ansatz
will not only solve the short Λ b lifetime problem but also provide the correct absolute decay rates for bottom hadrons.
Employing the hadron masses
, m B − = 5278.9 ± 1.8 MeV [42] , [12] indicates that the remaining contribution −0.13ε 1 + · · · in (3.26) is at most ±6%. It is also evident from (3.25) that the discrepancy between theory and experiment for the absolute decay width of B mesons is greatly improved.
The most dramatic effect due to the ansatz (3.23) occurs in the lifetime pattern of bottom baryons. Employing the bottom-baryon masses (2.36), (3.24) and m Ξ b = 5803.7 ± 7.1 MeV, 5 5 We have used the CDF mass of the Λ b [see (3.24)] to update the Ξ b mass prediction given in [39] .
some large enhancement to various nonleptonic contributions to the decay widths of bottom baryons is shown in Table II . We see that the improved Λ b lifetime is in agreement with experiment and the new hierarchy of bottom-baryon lifetimes emerges as 27) which is drastically different from the previous one: The longest-lived Ω b among bottom baryons in the conventional OPE now becomes shortest-lived. Needless to say, it is of great importance to measure the hierarchy of bottom-baryon lifetimes in order to test the ansatz (3.23). The branching ratios of semileptonic inclusive decays are calculated from Table II to be:
Since serious and precise measurements of the hierarchy of lifetimes of bottom baryons may not be available in the very near future, 6 it is thus important to carry out more precise measurement of the B s lifetime. An application of the prescription (3.23) will modify the
for the average B s lifetime. The current world average is τ (B s )/τ (B d ) = 0.98 ± 0.05 [12] . −0.28 ) ps. Evidently, the uncertainty is still too large to have a meaningful test on the prediction (3.27).
IV. LIFETIMES OF CHARMED BARYONS
In Sec. III we see that a replacement of the heavy quark mass with the decaying hadron mass in the m 5 Q factor in front of nonleptonic widths provides a much better description of the lifetimes of the Λ b baryon and B mesons. It is claimed in [16] that a much better fit to the charmed hadron lifetimes is also achieved if Γ NL for charm decay approximately scales with the fifth power of charmed hadron masses, apart from corrections of order 1/m 2 c . We will carefully examine the applicability of this recipe in this section. For a theoretical overview of charmed baryon lifetimes, the reader is referred to the review of Blok and Shifman [2] .
We begin with the semileptonic inclusive decay of the D meson:
We find that the experimental values for D + and D 0 semileptonic widths [42] can be fitted For charmed baryons Ξ c and Ω c , there is an additional contribution to the semileptonic width coming from the Pauli interference of the s quark [29] . From (2.5) we obtain
where we have applied (2.28) for charmed baryon matrix elements, Γ
We shall see later that, depending on the parameter r, the nonspectator effect in semileptonic decay of Ξ c and Ω c can be very significant, in particular for the latter.
We now turn to the nonleptonic inclusive decays of charmed hadrons. It is well known that the longer lifetime of D + relative to D 0 comes mainly from the destructive Pauli interference in D + decay [57, 3] . However, it is also known that, depending on the parameters Table III . We see that the lifetime
is in accordance with experiment. It is evident that when nonspectator effects in semileptonic decay are included, as shown in parentheses in Table III, (4.14)
To compute the absolute decay width, we introduce a parameter λ so that Table IV . Contrary to the previous case, a prefect agreement with experiment will be achieved if nonspectator effects in semileptonic decay are not included. We conjecture that a more realistic value of y is probably close to 3 for charmed baryons and to unity for bottom baryons.
As for the parameterB(µ), it is expected to be less than unity if the valence-quark approximation is believed to be valid at a lower hadronic scale. Therefore, it is not clear to us whyB(µ) is larger than unity and what is its implication. The smallness of λ is attributed to the fact that the inclusive nonleptonic decays of charmed baryons are not dominated by the c quark decay. Nonspectator effects of W -exchange and Pauli interference terms are expected to be of order 17) where the factor 16π 2 is a two-body phase-space enhancement relative to the three-body phase space of heavy quark decay. Realistic calculations (see Tables III and IV) indicate that nonspectator contributions are comparable to and even dominate over the c quark decay mechanism. This implies that the charmed quark is not heavy enough (i.e. the energy release is not sufficiently large) to make a sensible and meaningful heavy quark expansion. For bottom hadrons, we see in Sec. III that at least for the Λ b baryon and B mesons, the nonleptonic decay rate is approximated by Tables III and IV ) will make the discrepancy between theory and experiment for decay widths even much worse.
Hence, we have to introduce a parameter λ ≪ 1 to suppress the absolute rates. However, since λ is an entirely unknown parameter in theory, the recipe of scaling Γ NL with the fifth power of charmed hadron mass is ad hoc and does not have the predictive power for the absolute decay widths. We conclude that, although the ansatz (4.13) provides a much better description of lifetime ratios for charmed baryons (apart from the annoying parameterB), the prescription (4.15) appears unnatural and unpredictive for describing the absolute inclusive decay rates of charmed baryons due to the presence of the unknown parameter λ. Since the heavy quark expansion converges very badly, local duality is thus not testable in inclusive nonleptonic charm decay.
V. DISCUSSIONS AND CONCLUSIONS
We have analyzed the lifetimes of bottom and charmed hadrons within the framework of the heavy quark expansion. Especial attention is paid to the nonperturbative parameter is satisfactorily obeyed by bottom hadrons. We have followed [10] otherwise absolute decay widths of charmed baryons will be largely overestimated.
Since λ is an entirely unknown parameter in theory, it renders the above prescription unnatural and less predictive. As the heavy quark expansion in charm decay converges very badly, it is meaningless to test local duality in nonleptonic inclusive decay of charmed hadrons.
We conclude that the recipe of allowing the presence of linear 1/m Q corrections by scaling the nonleptonic decay widths with the fifth power of the hadron mass is operative in the bottom family but becomes unnatural in charm decay. Can this prescription be justified in a more fundamental way ? It is interesting to note that a PQCD-based factorization formulism has been developed for inclusive semileptonic B meson decay [23] . This approach is formulated 
